Purpose: To evaluate the shade matching capabilities in natural dentitions using Vita Toothguide 3D-Master and an intraoral digital spectrophotometer (Vita Easyshade Advance 4.0) in various light sources.
Shade matching is a challenging procedure in dentistry. 1 Esthetic excellence is largely a subjective art. Clinical crowns consist of enamel and dentin, which reflects and transmits incident light to produce color. 2 Visual color selection depends on many factors such as viewer interpretation and environmental influences; variations in any of them can lead to a change in color perception. 3 Perception depends upon the source of light, the object, and the person who notes the proceedings without participating in them. 4 Color matching of teeth is performed by means of visual shade matching or instrumental color analysis. 5 Visual shade matching is most commonly performed clinically with shade guides. Conversely, color-measuring devices are more efficacious to quantify the natural tooth color; hence, accurate communication can be given to technicians. 6 However, manual shade guides contain a limited selection of colors compared to those found in natural teeth. 7, 8 The most frequently applied method for visual color determination is performed by comparing the patient's tooth with standard shade guides. Visual methods are generally based on clinician's experiences and position and also depend upon the conditions existing on the dentition at the moment of tooth shade assessment. Dental shade selection is ideally conducted in natural light (temperature 6500°K) between 10 am and 2 pm close to a nontinted window with a northern exposure on a clear day. Shade selection is influenced by the patient's clothes and cosmetics, gingival tissue shade, background, and dental unit in surgery. 9 Clark introduced a custom shade guide in 1931 based on visual assessments of human teeth that recorded in L*a*b* color spaces according to Munsell's classification of hue, chroma, and value. 10, 11 Acknowledging the drawbacks of the available guides, a new generation of shade guides has been developed to minimize these deficiencies. Shofu offered the Natural Color Concept (NCC) 12 (Shofu Inc, Kyoto, Japan), while Vita introduced a 3-D shade guide system (Vita Toothguide 3D-Master R ; Zahnfabrik, Bad Sackingen, Germany). The Vita Toothguide 3D-Master 13 features an uneven colorimetric distribution of 26 shade tabs within the tooth color. The available manual shade guide demonstrates an equidistant distribution of color in the color space. The shade guide is organized into five primary levels, with a secondary distribution based on value, chroma, and hue. These groups start from lightest (level 1) to darkest (level 5), left to right. Intermediate shades can be achieved by mixing the formulas. The manufacturer advocates a three-step process by first selecting value during shade determination, and then determining chroma and hue.
14 Digitalized spectrophotometer and colorimeter devices are objective methods 15 that use quantification by digitization and generally provide a more accurate color-matching outcome. 16 The CIE L*a*b* (CIELAB) color space is a uniform color space obtained from the tri-stimulus values of X, Y, and Z, with L*, a*, and b*. 17 The L* axis describes lightness, which ranges from 0 to 100 (black to white), while the a* axis represents red to green (+a* to -a*), and the b* axis represents yellow to blue (+b* to -b*). CIELAB allows quantification of the color of human visual perception. In previous studies, CIE L*a*b* values of different shade guides have been reported. [18] [19] [20] The digital shade selection devices are objective, but they are not commonly used in dental practice yet. 21 The Vita Easyshade Advance 4.0 is an intraoral digital spectrophotometer that provides CIE L*a*b* values in specific modes.
14 This study evaluated the shade matching capabilities of one examiner in natural dentitions under daylight, incandescent light, LED, and filtered LED light using an intraoral digital spectrophotometer and Vita Toothguide 3D-Master. The null hypothesis was that E*ab for two methods (Vita Toothguide 3D-Master and Vita Easyshade Advance 4.0) of shade selection systems of A1, A2, A3 for the natural teeth color would not be similar.
Materials and methods
This clinical study was designed as a prospective and observational study type with random sampling using a lottery method. A total of 300 subjects were recruited from Department of Prosthodontics, SRM Dental College, Ramapuram, Chennai, India. M.D.S-PGStudent/204). The subjects were above the age of 18, presented with at least one permanent maxillary central incisor that was free from caries and restorations and with a reasonable alignment within the arch to facilitate shade measurement. The subjects were excluded if they had tooth discoloration because of congenital disease or side effects of medications, or if they had tooth bleaching within the previous 6 months.
Position of the patient
A 30-year-old male examiner with 10 years experience for visual shade selection was screened for vision recognition ability by correctly identifying selected plates from the Ishihara color blindness test. Participants were seated in the same dental chair (MS Dental Surgical, Chennai, India) positioned at 90°angle, the examiner remained standing next to the participants, and the examiner eye line was as parallel as possible to the occlusal plane of the participants, at an average distance of an arm's length from the examiner (Fig 1) . First the examiner had 2 minutes to select the shade on the middle third of the labial surface of maxillary right central incisor with the Vita Toothguide 3D-Master. Then, the examiner recorded E * ab values of each shade using Vita Easyshade Advance 4.0 by placing it on the middle third of labial surface of the maxillary central incisor under incandescent light, LED, and LED filter lights. This procedure was done between 10 am and 2 pm for the daylight source close to a nontinted window with a northern exposure on a clear day.
Shade matching
During the experimental procedures, the selected tooth was polished using a rubber cup and slurry of pumice (NUPRO Prophylaxis Paste; Dentsply, Konstanz, Germany) for a minimum 10 seconds and then rinsed with water for approximately 5 seconds. According to the manufacturer's instructions, the intraoral digital spectrophotometer was subjected to a reliability test to check its temporary stability by placing the disposable infection control polyurethane barrier (Vita Infection Control Sleeves; Vita Zahnfabrik) on the tip of the device. The machine was calibrated for each subject by placing the 5-mm probe tip against a calibrated block housed till the machine beeped. The tooth shade measurement was accepted when two consecutive, identical readings were generated for each tooth. For instrumental color measurement, the middle third of the labial surface of the maxillary central incisor tooth was selected to represent tooth color best. 22 Therefore, for each measurement, the device was set to 'Tooth Single' mode and the tip of the shade taking device was positioned over the middle third of labial surface of maxillary central incisor at 90°to the labial surface (Fig 2) . The obtained values were converted to the corresponding L*, a*, and b* values provided by the manufacturer.
According to the subjective method, the participant's central incisor whose shades matched the A1, A2, A3 shades were considered as groups 1, 2, and 3, respectively. This procedure was done for groups A1, A2, andA3 by placing the Vita Toothguide 3D-Master on the maxillary right central incisor, then the intraoral digital spectrophotometer was placed over the Vita Toothguide 3D-Master to obtain the E * ab of each shade. The readings were recorded using the intraoral digital spectrophotometer in various light sources (incandescent, LED, and LED filter), and the values were recorded. A power analysis was conducted to determine the minimum sample size needed to detect a difference of half a standard deviation (medium effect size) among the light sources. The resulting sample size was 300. Comparisons within the groups were done using one-way ANOVA; multiple group comparison was done using Tukey's HSD post hoc test.
Results
The values were statistically analyzed using SPSS v22.0 (IBM Corp., Armonk, NY) at 95% confidence interval (α = 0.05). The results of the study showed that the variables followed a normal distribution. Therefore, one sample t-test was applied to analyze the E * ab values of each shade in different light sources with zero. The mean values E * ab between the groups were analyzed using one-way ANOVA; pairwise multiple comparisons were done using Tukey's HSD post hoc test. If p < 0.05, then it was considered to be statistically significant. Shade matching was done using the CIELAB (L*a*b*) system, which specifies colors based on three color dimensions: hue, value (lighter), and chroma (color purity). L represents the value of the object on the Y-axis, a* is the measurement on the red-green axis, (X-axis + side), b* is the measurement along the yellow-blue axis (X-axis -side), and chroma represents the density of the color in Z axis.
where L*, a*, and b* are the mathematical differences between the light sources. The mean and standard deviation of the E* ab value for A1, A2, and A3 shades in LED light, incandescent light, daylight, and filtered light are given in Table 1 . The mean and standard deviation (SD) of E* ab for A1, A2, and A3 shades between incandescent light was less compared to LED, filtered LED, and daylight. Statistical analysis (one sample t-test) revealed that the mean E* ab values were statistically significant, and there was a significant difference in values, (p < 0.001) for all light sources. Hence, the results of this study rejected the null hypothesis.
The mean and standard deviation of E* ab value for groups 1, 2, and 3 for all light sources are given in Table 2 . Statistical analysis was done using one-way ANOVA for comparison within the groups using the mean values, and showed p < 0.001 for all groups at daylight, incandescent light, LED light, and filtered LED light. All the p < 0.05, hence there was a significant difference found in shade matching using Vita Toothguide 3D-Master and intraoral digital spectrophotometer in daylight, incandescent light, LED, and filtered LED light sources. (Table 3 ). The statistical analysis for multiple groups was done using Tukey's HSD post hoc test, which showed the significant value 'p' for groups 1, 2, and 3 were <0.005 (Table 4) . Hence there was a statistically significant difference found between the groups. The incandescent light showed accurate match in groups 1, 2, and 3, compared to the filtered LED, LED, and daylight in all shades.
Discussion
Shade matching is a common procedure in restorative dentistry. 23, 24 Typically the adjacent tooth is taken as a guide for shade matching of dental restorations. Evaluating natural tooth color has been performed either by visual shade matching or instrumental color analysis. 25 Manual shade matching has been affected by factors such as human physiologic variables, the surrounding illumination, and operator and patient positions. 26 When the light source changes, the light reflected from an object also changes, and hence a different color is perceived. When ideal conditions are absent, it will lead to the use of artificial lighting for color matching. 27 It has been reported that gender does not have a role in shade matching of dental restorations. [28] [29] [30] [31] [32] Instrumental dental shade analysis has been reported to be 33% more accurate than visual shade matching by individuals. 33 Many types of instrumental color analysis devices have been developed and are now available for dental use. 34 The spectrophotometer may be the ideal device for providing both systematic and precise measurements of tooth color. Spectrophotometers were designed to produce accurate measurements of visible radiant energy reflected or transmitted by an object. 35, 36 The middle third of the labial surface of the adjacent teeth were most commonly taken to determine tooth shade. 37 In clinical dentistry, it is difficult to evaluate tooth color under ideal conditions, and it is useful to use a color measuring device that produces constant values under any given condition. 38 Understanding the influence of different variables such as hue, value, and chroma in shade selection where light illumination on a tooth and how the eye interprets these values has an influence can assist in shade selection. The use of the Vita system Vita Toothguide 3D-Master classifies a logical selection of color into hue, value, and chroma. Every color was represented as a unique point in the axes of the CIELAB system. 38 In this study, daylight, incandescent light, filtered LED, and LED light were used to compare shade matching relative to maxillary central incisors using the Vita Toothguide 3D-Master shade guide and intraoral digital spectrophotometer. 39 The present study results also confirmed the results of several previous studies. 39 An artificial light source has constant intensity, whereas daylight intensity varies. 39 In a previous study, incandescent light produced better shade matching. 34 LED dental chair lights have been introduced. They convert electricity into light, more efficiently producing less heat than do conventional dental lights. 40 The mean E* ab values obtained in this study for A1 shade in LED light, filtered LED light, incandescent light, and daylight were 1.559, 0.744, 3.344, and 1.255, for A2 shade in LED light, filtered LED light, incandescent light, and daylight were 1.669, 0.603, 2.162, and 1.299, respectively, and for A3 shade in LED light, filtered LED light, incandescent light and daylight were 1.652, 0.654, 2.057, and 1.201, respectively. The shades were organized according to the colorimetric parameter of hue, value, and chroma in 32 shade tabs. A statistical significance was found between the intraoral digital spectrophotometer and Vita Toothguide 3D-Master because the significant value 'P' was < 0.001 for all the light sources. Hence, this study rejected the null hypothesis.
The mean E ab value of A1, A2 and A3 shades within the groups were statistically analyzed using one-way ANOVA and Tukey's HSD post hoc test for pairwise multiple group comparison. The statistical significant value 'p' was <0.001 in daylight, incandescent light, LED light, and filtered LED light. The intraoral digital spectrophotometer showed statistical significance in shade matching compared to the Vita Toothguide 3D-Master in daylight, incandescent light, LED light, and filtered LED light. The results of this study confirmed the results of the previous study that the best shades were recorded from the intraoral digital spectrophotometer for artificial light sources. 41, 42 Incandescent light produced better shade matches compared to filtered LED light, LED light, and daylight, because the shade match under the yellow incandescent light was more reliable for shade selection. The color-corrected LED light produced the better shade matches compared to LED light and daylight.
This study focused on evaluating the shade matching ability of one specific clinician when using manual shade tabs and intraoral digital spectrophotometer in natural dentitions. Numerical portions of the manual shade guides gradations were not uniform. More patients were included, hence standardization was not possible, and also the presence of other variables such as stains, surface texture, different saturations, and whitening had potential effects on accurate matching.
Conclusions
The results of this study indicated that 1. Use of the digitized intraoral spectrophotometer for shade matching resulted in statistically better matches when compared to the Vita Toothguide 3D-Master shade guide. This was true for all light sources (daylight, incandescent, LED, and filtered LED light sources). 2. Improved shade matches were obtained by the examiner under incandescent light compared to LED and filtered LED light sources.
Clinical significance: The use of technology and new devices developed for shade selection may eliminate clinical subjectivity of choosing inappropriate shades.
